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[141]. Biochem. J. 35, 1209. Srinivasan, M. [1936] . Biochem. J. 30, 2077. Theorell, H. [1936] . Biochem. Z. 285, 207. Yakushiji, E. [1935] . Acta Phytochim., Tokyo, 8, 325. -Studies on the 'Fermentation' of Ceylon Tea Earlier investigations in this laboratory on the specific nature of the oxidizing enzymes in tea [Lamb & Sreerangachar, 1940; Sreerangachar, 1943] have shown that the enzyme belongs to the family of polyphenol oxidases of which the potato oxidase and the mushroom oxidase are well-known members. The work of Kubowitz [1937; and of Keilin & Mann [1938] respectively on these enzymes has established that these polyphenol oxidases are Cu-protein compounds, and undergo a cycle of transformation from cupric to cupro form and vice versa, in the course of their catalytic activity. Cu is also found in the prosthetic groups of other oxidative enzymes such as laccase, ascorbic acid oxidase and tyrosinase, but the specific protein carrier in each of these enzymes is considered to be different. The Cu-proteins, unlike the Fe-porphyrin protein enzymes, show no specific absorption bands in the visible region of the spectrum, the absorption, if any, being only diffuse. A spectroscopic examination of tea oxidase has failed to reveal any characteristic absorption bands [Sreerangachar, 1943] , and the enzyme is, therefore, analogous in this behaviour to Cu-proteins. Consequent on the finding that tea oxidase was a polyphenol oxidase with respect to its substrate specificity, further investigations of the material and chemical nature of this enzyme became desirable, and it was thought that a study of the prosthetic group was a fruitful line to follow in the first instance. In particular, it was intended to see whether, like the other known examples of polyphenol oxidases, tea-polyphenol oxidase was also a Cu-protein compound.
Cu is easily detected in tea-oxidse preparations, but it was found that the crude preparations also contained Mn and Fe. As these two metals are also frequently associated with certain oxidizing enzymes, the possibility of their forming the active group of tea oxidase had to be considered ,in the early stages. According to Bertrand & Mallevre [1895] , there exists a close connexion between Mn and laccase, and Shaw & Jones [1935] have emphasized the importance of Mn in the study of the oxidative enzyme in tea. That the fresh tea leaf contains appreciable amounts of Mn can be seen by the fact that the ash is generally green because of the presence of manganous salts, which readily change over to the characteristic permanganate colour when wetted with oxidizing solutions. But in spite of this, the acetone-prepared enzyme contains only a fraction of the original amount .
Further, Mn is almost completely absent even in partially purified preparations of enzyme and there-fore it clearly cannot 'be associated with the active group of the enzyme.
The importance of Fe lies in the fact that, should it be possible to establish its constant association with tea oxidase, the latter would have to be classified along with Fe-containing 
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Purification of enzyme (a) Extraction of enzyme from acetone-prepared leaf powder. The acetone preparation of enzyme was obtained as described previously [Lamb & Sreerangachar, 1940] but without using sand for grinding leaf. It was observed previously that extraction of soluble enzyme from this acetone preparation varied with the reaction of the extracting medium up to pH 7-0. Alkaline reactions were not then tried.
In the present experiment it has been found that the amount of enzyme extracted increases up to pH 10-0, beyond which the enzyme undergoes considerable inactivation. S6rensen's glycine buffer and Ringer's phosphate buffer were employed to obtain these alkaline reactions, and The unextracted powder gave an average activity of 2-60, which shows that up to pH 10 there is no enzyrme inactivation. The armount of enzyme extracted is maximum (60% of total) at pH 10-0, beyond which both the soluble and insoluble enzymes are considerably inactivated. It appears, therefore, that the most suitable reacti6n for extraction of soluble enzyme is pH 10-0, which was accordingly employed in the present investigation.
About 10 g. of the acetone-prepared leaf powder were extracted with 400 ml. buffer at pH 10-0 for 2 hr., filtered through muslin and squeezed by hand. The residue was extracted twice with 200 ml. buffer, the extract being squeezed out each time through muslin. The extracts were all collected, filtered t-hrough paper to give a clear reddish brown extract and adjusted to pH 6-0-6-5 by addition of dilute acetic acid. This acetone preparation had an activity of 0-21/mg. dry weight, while the activity of its extract was 0-43. If we define the amount of enzyme that oxidizes 1 mg. ascorbic acid as equivalent to a unit of enzyme, the crude extract was found to contain 966 units out of 2110 units of enzyme in the powder, i.e. about 46 % extraction. ' Biochem. 1943, 37 (b) Yractional precipitation uith ammonium sulphate. Solid ammonium sulphate was gradually added to the crude extract so as to give, as shown below, increasing concentrations of the salt. The precipitate appearing at each stage was filtered off before the next addition of (NH4)2SO4. Precipitates A-D were collected separately, suspended in water and dialyzed against distilled water until free of (NH4)2SO4. They were all found to be completely tannin-free when tested with FeCl8.
The precipitates A and B, on dialysis, gave cloudy suspensions containing some insoluble matter, while C gave a brownish solution with very little insoluble substance.-Precipitate D, on the other hand, yielded on dialysis a dark brown solution. Table 2 shows the activities and other particulars of these four fractions. Keilin & k, Mann, 1938] , and Mann [1940] on the blue pigment of laccase lends reenivasaya, 1940] . support to the latter hypothesis.
Relationship between iron and copper contents and enzyme activity In order to elucidate any possible relationship between Cu and Fe on the one hand and the activity of the enzyme on the other, quantitative data were obtained on the contents of these metals in the several purified preparations of enzyme as described above. Table 5 contains some typical results of tion to all the rest of the adsorption experiments, where enzyme activity was determined immediately after elution and neutralization. § 3 (e) above gives reasons for suspecting that the continued contact with alkaline phosphate inactivates the enzyme in its purer state, and for this reason the low value of enzyme activity here shown is also suspect. No. 13 refers to a fractional precipitation of the enzyme solution with 40 % acetone. It is not unreasonable It will be noticed that Fe is present in the enzyme preparations up to a certain stage in purification but disappears as purification proceeds further. It actually increases during the initial stages, although this increase is not in proportion to the increase in activity. Absence of Fe in the adsorption-purified enzyme makes its association with the active molecule of the enzyme impossible.
On the other hand, there is a steady increase in the Cu content of the preparations, with increasing activity/g. dry weight of material. In the more active preparations, however, there exists a fair proportionality between enzyme activity and Cu content. The Cu content/unit activity approaches a constant value on progressive purification. When the activities of the purified enzyme preparations are plotted against their corresponding copper contents an approximate straight-line relationship becomes evident (Fig. 3) .
There are two points which diverge very appreciably from the linear relationship between activity and Cu content shown by the rest of the data. Against these points the number of the preparation to which they refer is shown. No. 5 is a preparation in which the activity was determined after dialysis following adsorption and elution, in contradistinc- reasonable criteria for rejection of these two data when the activity-Cu relationship is considered.
The proportional relafionship between the Cu content and the activity of the preparations is apparent even amongst the batches of acetoneprepared enzyme when such preparations are obtained from individual bushes whose leaf showed a fairly wide range of activity. For instance, the bushes whose acetone-prepared enzyme preparations had activities of 224, 193, 185 and 80 respectively/g. of material contained 20, 16, 16 and 4jg. of Cu/g. respectively. Since even in these preparations, which can by no means be considered pure, the ratio between the enzyme activities and Cu appears to be of the same order as that obtained with further purified preparations, it is possible that the Cu found in these preparations is mostly enzymic. This idea receives support from the fact that some of the fractions exhibiting only slight activity do also contain some Cu, but it is not in any great excess over the amount that corresponds to their activity. However, not all the Cu present in the fresh leaf belongs to the enzyme. Part of the Cu present in fresh leaf but not essential to the enzyme is indeed removed during extraction with acetone.
Dialys?s against KCN While ordinary dialysis removes' all 'free' or ionic Cu from the enzyme preparations, dialysis against cyanide results also in loss of bound Cu from the enzyme. This method of removal of bound Cu was originally devised by Kubowitz [1937; in his study of potato oxidase and later employed by others [Meiklejohn & Stewart, 1941; Allen & Bodine, 1941] . In the Cu-protein systems studied, complete removal of Cu resulted in total inactivation of enzyme, which showed that Cu formed part of the enzyme molecule.
In experiments with tea-oxidase preparations, dialysis against KCN has also been carried out, with a similar object. To 10 ml. samples of (a) (NH4)2SO4-purified enzyme and (b) Ca3(PO4)2-adsorbed enzyme, solid KCN was added to give a' concentration 'of M/100 KCN, and the mixtures dialyzed against Cu-free water until all KCN was removed. In Exps. 2 and 3, the enzyme solutions were first dialyzed for about 4 hr. against M/1000 KCN solution and then against Cu-free water. Table 6 gives the activities and iron and copper contents before and after KCN treatment.
In the case of (NH4)2SO4-purified enzyme there is apparently a tendency to retain part of the original Cu after treatment with KCN.. By continued dialysis against KCN, as in Exp. 2, most of the Cu can; however, be removed from the enzyme solution. The enzyme preparation obtained after adsorption loses its Cu more easily when subjected the protein residu-e of the enzyme. Although restoration of inactive tea-oxidase preparations hasnot been successful, the complete loss of activity that attends a total removal of Cu must be regarded as providing evidence for Cu forming the active group of the enzyme.
N content of active preparations Since the purest enzyme is considered to be a Cu protein, its N content may be expected to be about 15-16 % of dry weight, as in the case of other proteins. N determinations of partially purified preparations may, therefore, be taken to indicate the extent of purification effected, provided the preparations do not contain any nitrogenous impurities. It seems unlikely that, after (NH4)2SO4 precipitation and dialysis and the operations preceding it, the tea-oxidase preparations contain any unknown nitrogenous impurities. Table 7 gives the results of micro-determinations of N on some of the more active preparations of enzyme, together with their activities. No correlation has been perceived between the Fe content and the activity of preparations studied. On the contrary, the most active preparations are characterized by a complete absence of Fe, while the Fe contents in other preparations rendered inactive by dialysis against KCN remained unaffected. The possibility, therefore, of the enzyme being of the nature of a haemochromogen is excluded. This is in support of our previous conclusions based on spectroscopic and other evidence.
On the other hand, the evidence presented in this investigation shows a close relationship between the Cu content and tea-oxidase activity. In the more concentrated preparations the catalytic activity runs fairly parallel to the Cu content. Removal of Cu from the enzyme complex by dialysis against KCN results in its inactivation. These results point to the conclusion that, like other known polyphenol oxidases, tea oxidase also is a metalloprotein with Cu as its prosthetic group.
To obtain an idea of the degree of success in the purification of the tea enzyme in our best preparation, a comparison may be made between the activities of our enzyme and that of Kubowitz. Calculated in terms of 02 uptake, the purest preparation of tea oxidase obtained in these experiments has an activity of 27 pl. 02/min./,ug. of enzymic Cu (Qo2/Cu= 1-6 x 106), which is roughly one-tenth the figure obtained by Kubowitz for the potato oxidase. With the limited equipment available here, attempts to purify the enzyme further have not as yet proved successful. SUMMARY 1. Tea oxidase has been purified to a concentration of at least 800 times that present in fresh leaf.
2. The purest preparation obtained had an activity of 10,100 units/hr./g. dry weight of enzyme, 1 unit of enzyme being defined as the amount which brings about the oxidation of 1 mg. ascorbic acid.
The Cu content of this preparation is 0-08 % and nitrogen 6-60 % . It has been calculated that 1 ,ug. of enzymic Cu catalyzes an 02 uptake of 27 ul. 02/min.
3. The enzyme preparations purified by adsorption on Ca3(PO4)2 gel were completely free from Fe.
4. In the more active preparations the polyphenol oxidase activity is proportional to the amount of Cu present. Complete removal of Cu inactivates the enzyme; resynthesis of enzyme by addition of CuS04 has not been possible. Although it is known that acetic acid is readily oxidized in the animal, little is known of the intermediate stages on its oxidative path in the animal body, and numerous schemes have been suggested 'for its intermediate metabolism. In the presentpaper the oxidation of acetic acid and related 2-carbon compounds in animal tissue was examined. The results suggest that neither glycollic acid, glyoxylic acid, nor glycine are intermediates in the oxidation of acetic acid.
In the course of the investigation it was found that glyoxylic acid is a strong inhibitor of tissue respiration and of carboxylase. This observation may be useful in the study of enzymic reactions.
METHODS
Preparation of glyoxylic acid [Mohrschulz, 1926] . The Ca-salt was isolated and recrystallized three times (analysis: Ca, found 17-9 %; calc. 17-9 %). The Na-salt used was prepared from the Ca-salt by an equimolecular quantity of Na2CO8.
Manometric experiments were carried out at 400 in Warburg's conical flasks. Fresh tissue was either sliced or minced. In every experiment tissue from the same normally fed animal was used, and the results are therefore directly comparable.
The rate of disappearance of carboxylic acids was studied by a method first described by Meyerhof & Lohmann [1926] [see also Elliott & Schroeder, 1934] . The method is based on the fact that the oxidation of a carboxylic acid in a neutral buffered medium yields, under certain conditions, bicarbonate. The increase of bicarbonate in the solution is therefore a measure of the oxidation of the organic acid. Tissue slices (dry weight 7-30 mg. according to species and tissue) were suspended in 3 ml. physiological saline [Krebs & Henseleit, 1932] containing 80,u1. bicarbonate/ml. The substrates were added as Na-salts to the main compartment of the flask. 0 2 ml. 2N NaOH was placed into the centre well and, unless otherwise stated, the gas space of the cup was filled with 02. The manometers were put into the thermostat and the 02 uptake was measured after an equilibration period of 10 min. The total 02 uptake was calculated by extrapolating for the equilibration period. After the incubation period (90-120 min.) the cups were cooled with ice, and the slices removed, washed, dried, and weighed. The NaOH in the centre well was replaced by 0-1 ml. 10% H2SO4, and 0-2 ml. 10% H2SO4 was measured into the side-arm. The gas space was filled with 5% C02 in 02 and, after equilibration, the amount of NaHCO2 in the solutions was estimated by acidification. The values found were corrected for the amount of NaHCO2 carried by the tissue slices, on the assumption that a volume of liquid equalling 10 times the dry weight of tissue is introduced or removed with the tissue. From the values obtained, Qo2 and Qbicarbonate (Qbic.) were calculated. Qbic. is equal to the negative metabolism quotient of the substrate investigated ( -Qubmtrate), provided that no acid groups are formed during the experiment, and the carboxylic group is oxidized. When the carboxylie group is not altered as a result of the metabolism, the changes of bicarbonate found in the experiment are not related to the utilization of the substrate.
In experiments with minced tissue, 3 ml. of a suspension of tissue in phosphate saline [Krebs, 1933] were measured into the main compartment; 0-2 ml. 2N NaOH was placed into the centre well, and the substrate was measured into the side-arm and made up to 1 ml. with the saline medium. The gas space was filled with 02. After an equilibration period of 10 min. the contents of the cup were mixed and the 02 uptake was measured.
In anaerobic experiments, yellow phosphorus was placed in the centre well, the gas space filled with 5 % CO2 in N2, and the C02 output measured.
In some of the experiments lactic acid was estimated according to Friedemann, Cotonio & Shaffer [1927] . RESULTS Oxidation of acetate. As measured by the formation of bicarbonate, this is more rapid in guinea-pig kidney cortex than in any other tissue examined
